Benchmarks
Fluorescence agents containing n i t r o b e n z o x a d i a z o l e ( N B D ) (excitation 470 nm, emission 540 nm) ( Figure 1A ) are used widely for sensitive detection of compounds in high performance liquid chromatography (1) . For example, 4-nitro-7-(1-piperazinyl)-2,1,3-benzoxadiazole (NBD-PZ) ( Figure 1B ) was designed originally to tag carboxylic acids in the presence of activation agents such as diethyl phosphorocyanidate (2) . Santa et al. have reported that acidic media (pH ≤3.0) elevate the fluorescence intensity of derivatives of NBD-PZ−CH 2 CH 2 NH 2 with carboxylic acids (3) . They presumed that the fluorescence was quenched by an electron transfer from the nitrogen atom at the piperazine ring to the excited state of the fluorophore, and that this process⎯which is called the photo-induced electron transfer⎯ transfer⎯ transfer was hampered in the acidic ⎯was hampered in the acidic ⎯ media, in which the nitrogen atom was protonated (3) . Assuming this, photo-induced electron transfer would also occur in NBD-PZ and its fluorescence intensity should depend on pH. To evaluate the pH-dependent fluorescence of this compound, we prepared 10 mM NBD-PZ in dimethyl sulfoxide, diluted the solution to 10 μM with 0.05 M Britton-Robinson buffer at pH 9.0-2.0, and determined the fluorescence spectra of NBD-PZ with a fluorophotometer (RF-5000; Shimadzu, Kyoto, Japan). The fluorescence intensity of NBD-PZ was dramatically elevated at pH ≤7.0 ( Figure 1C) .
The lumenal environment of lysosomes is characterized by low pH via proton-pumping vacuolar ATPases (4). We therefore assessed whether NBD-PZ could be used to visualize lysosomes in live cells. We first evaluated the cytotoxicity of NBD-PZ using human gastric cancer-derived HGC-27 cells, human colon cancer-derived CW-2 cells The cells (1 × 10 4 ) were seeded in 96-well plates. Twenty-four hours later, the cells were incubated with NBD-PZ (0-100 μM) for an additional 24 h. We determined cell viabilities with CellTiter-Gro Luminescent Cell Viability Assay (Promega, Madison, WI, USA) using a luminometer (AB-2200-R; ATTO, Tokyo, Japan), and found that NBD-PZ did not affect the viabilities at 1 μM even after a 24-h incubation ( Figure 1D ). To see if NBD-PZ visualized lysosomes, the cells were incubated in culture medium containing 100 nM LysoTracker Red DND-99 probe (Molecular Probes, Eugene, OR, USA), for 30 min at 37°C. The medium was then replaced with one containing 1 μM NBD-PZ. After further incubation for 3 min at 37°C, the cells were viewed with a fluorescence microscope (BZ-8000; Keyence, Tokyo, Japan) using Texas Red and GFP-BP filters for LysoTracker Red DND-99 and NBD-PZ, respectively. NBD-PZ clearly visualized lysosomes in all cells tested (Figure 2A ). Although lysosomes were visualized in the medium containing 1 μM NBD-PZ, the staining was preserved even after the cells were triple-washed with Dulbecco's phosphate buffer (data not shown). Basic amines are known to accumulate in cellular compartments with low internal pH (5). On the other hand, the visualization of lysosomes was hampered in the cells pretreated with bafilomycin A 1 , a vacuolar ATPase inhibitor that increases lysosomal pH (6) ( Figure 2B ). These findings suggest that NBD-PZ stains lysosomes in live cells via its pH-dependent fluorescence and accumulation in lysosomes.
Lysosomes are membrane-bound organelles and are involved in the degradation of macromolecules and pathogens in endocytosis, phagocytosis, and autophagy (4). Recent studies have indicated lysosomes as targets for cancer therapy via 
